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Abstract
Objective: We aimed to develop a nomogram to predict cancer-specific survival (CSS) in
patients with hypopharyngeal squamous cell carcinoma (HSCC) treated with primary surgery
to provide more accurate risk stratification for patients.

Methods: We retrospectively collected data of 1144 eligible patients with HSCC from the
Surveillance, Epidemiology, and End Results (SEER) database between 2004 and 2015. Patients
were randomly divided into training and validation groups (ratio 6:4) and we used univariate and
multivariate Cox analysis. We developed and validated a nomogram using calibration plots and
time-dependent receiver operating characteristic, Kaplan—Meier, and decision curves.

Results: Age; marital status; T, N, and M stage; and postoperative adjuvant therapy were inde-
pendent factors associated with CSS, which were included in the nomogram. The nomogram’s
C-index was 0.705 to 0.723 in the training group and 0.681 to 0.736 in the validation group, which
were significantly higher than conventional American Joint Committee on Cancer (AJCC) staging.
Calibration curves showed good agreement between prediction and observation in both groups.
Kaplan—Meier and decision curves suggested the nomogram had better risk stratification and net
benefit than conventional AJCC staging.
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Conclusions: We established a nomogram that was superior to conventional AJCC staging in

predicting CSS for HSCC.
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Introduction

Hypopharyngeal squamous cell carcinoma
(HSCCQ) is a rare type of cancer accounting
for approximately 2% to 5% of head and
neck neoplasms; however, the incidence and
mortality of HSCC continue to increase
yearly."? Because of its special anatomical
position, primary HSCC is usually asymp-
tomatic in the early stage. Approximately
80% of patients have progressed to stage
1T (22.6%) or IV (57.4%) at the time of
diagnosis.>* Thus, their prognosis is rela-
tively poor, with 5-year overall survival of
30% to 35% reported in a previous study.’

Although  non-surgical treatments,
including definitive chemoradiotherapy
(CRT) and chemotherapy followed by
radiotherapy (RT), have become more
common in treating many types of head
and neck cancer, surgery remains the main-
stay option for most surgeons, especially
for patients who are in advanced stages™®
In patients with HSCC treated with prima-
ry surgery, accurate risk prediction is
important not only to select appropriate
postoperative adjuvant treatment (POAT)
but also to accurately inform patients
about their long-term prognosis.

The American Joint Committee on
Cancer (AJCC) stage classification is
widely used for risk stratification in clinical
practice. However, evidence shows that fac-
tors including age, ethnicity, blood

parameters, marital status, and treatment
methods can also affect prognosis.” '
Thus, the AJCC stage may not be sufficient
to conduct accurate risk stratification.
Moreover, previous prognostic models
were mainly developed using population-
based studies and non-surgical treatment,
which may limit their application in those
treated with surgery owing to different
treatment modalities.”® Therefore, in our
study, we aimed to develop and validate a
nomogram that could accurately predict the
survival in patients undergoing primary
surgery, which can help clinicians perform
better risk stratification.

Methods

Patient selection and data collection

The Surveillance, Epidemiology, and End
Results (SEER) program (1973-2015) is a
cancer registry that contains information
on patients with cancer and is supported
by the National Cancer Institute and
Centers for Disease Control and
Prevention. A case listing session was creat-
ed from the SEER database using the
SEER * Stat 8.3.9 (https: //seer.cancer.
gov/seerstat). Patients who were diagnosed
with HSCC (tumor, node, metastasis [TNM]
7/CS v0204 + Schema = “Hypopharynx’)
between 2004 and 2015 were retrospectively
selected. Primary surgery was defined as
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patients treated with surgery as a primary
modality and with curative intent. Thus,
the exclusion criteria were (1) other histolog-
ic subtype, except for squamous cell carcino-
ma; (2) treated with non-surgical methods;
(3) no surgery at the primary site or surgery
site uncertain; and (4) receiving systematic
adjuvant therapy before surgery. The patient
selection process is illustrated in Figure 1.

Finally, the data of 1144 eligible cases were
included in the analysis.

All patient details have been de-
identified in the study. The following
factors were collected for each patient:
age, year of diagnosis, sex, ethnicity, mari-
tal status, primary site, grade, tumor size,
TNM, and AJCC stage (Sixth Edition of
the AJCC Cancer Staging Manual),

between 2004-2015 in SEER
database
(N=6779)

Hypopharyngeal cancer diagnosed

Patients with other histologic subtype
> except squamous cell carcinoma

(N=511)

Patients treated with non-surgical

methods
(N=4946)

HSCC patients treated by

surgery
(N=1322)

,| No surgery of primary site or surgery site

uncertain (N=105)

Receiving systematic adjuvant therapy

before surgery (N=73)

HSCC patients treated with
primary surgery
(N=1144)

Training group
(N=688)

Validation group
(N=456)

Figure |. Flow chart of patient inclusion and exclusion criteria in the analytic cohort.
HSCC, hypopharyngeal squamous cell carcinoma; SEER, Surveillance, Epidemiology, and End Results.
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primary surgical type, number of lymph
nodes removed, POAT, -cause-specific
death classification, and survival months.
The endpoint of the present study was
defined as cancer-specific survival (CSS).
The reporting of this study conforms to
Transparent Reporting of a multivariable
prediction model for Individual Prognosis
or Diagnosis (TRIPOD) guidelines."'

Ethics approval

The study was approved by the Nanfang
Hospital Medical Science Research Ethics
Committee. All procedures were performed
in accordance with the Declaration of
Helsinki. Informed consent was waived for
this study because patient data from the
SEER database were de-identified and
openly available.

Statistical analysis

Patients were randomly divided into train-
ing (70%) and validation groups (30%).
The demographic characteristics of the
two groups were compared. Continuous
variables conforming to a normal distribu-
tion were reported as mean + standard devi-
ation and compared using the Student z-test;
otherwise, variables were reported as median
(interquartile range, IQR) and compared
using the Mann—Whitney U test.
Categorical variables were reported as n
(%) and compared using the chi-square test.

Univariate and multivariate Cox regres-
sion models were used to analyze risk fac-
tors associated with CSS in the training
group. We developed a nomogram accord-
ing to the independent risk factors. The
accuracy of the predictions was evaluated
using discrimination and calibration. The
discrimination of the nomogram was
measured using the concordance index
(C-index) and time-dependent receiver
operating characteristic (ROC) curves.'?
A C-index of 0.5 means agreement only

by chance and 1 indicates perfect discrimi-
nation. The predictive accuracy was com-
pared between the nomogram and
conventional AJCC stage. Calibration was
measured using a calibration plot with 1000
bootstrap resamples. Good agreement
between the nomogram prediction and
actual observation indicates good calibra-
tion. We tested the discrimination and cal-
ibration of the nomogram in both the
training and validation groups.

Total points were calculated according
to the nomogram and stratified as low-
risk, intermediate-risk, and high-risk
groups according to tertiles in the training
group. Kaplan—Meier curves and the
log-rank test were used to illustrate the
CSS of patients according to risk stratifica-
tion and conventional AJCC stage.
Decision curve analysis was performed to
illustrate the accuracy of the model by cal-
culating the net benefit over a spectrum of
probability thresholds. Nomogram devel-
opment and calibration were conducted
with R software version 4.0.3 using the
“rms” package (The R Project for
Statistical Computing, Vienna, Austria),
and other statistical analyses were per-
formed with IBM SPSS version 26 (IBM
Corp., Armonk, NY, USA). All P-values
were two-sided and P < 0.05 indicated sta-
tistical significance.

Results

Patient characteristics

The data of 1144 patients were included in
the analysis. The mean age of the entire
cohort was 64.81 £10.31 years, and 914
(79.9%) patients were men. More than
half of patients (n= 661, 57.8%) were diag-
nosed with stage IV disease. Of these, 468
(40.9%), 167 (14.6%), and 509 (44.5%)
patients received local tumor resection,
pharyngectomy, and pharyngectomy with
laryngectomy, respectively. The median
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follow-up time of the analytic cohort was
30.5 (IQR: 12-62) months, with 556
(48.6%) cancer-specific deaths. The 3-year,
S-year, and 8-year CSS of the cohort was
58.1%, 49.9%, and 42.4%, respectively.
The cohort was then randomly divided
into training (n= 688, 60%) and validation
groups (n =456, 40%). As shown in Table 1,
the baseline characteristics between the two
groups were similar.

Prognostic analysis and nomogram
development

The results of univariable and multivariable
Cox regression analysis are shown in
Table 2. In univariate analysis, age, marital
status, tumor size, surgical type, POAT,
T stage, N stage, M stage, and AJCC
stage were associated with CSS in the train-
ing group. In multivariate analysis, age,
marital status, T stage, N stage, M stage,
and POAT were independent prognostic
factors linked to CSS.

The nomogram was established by incor-
porating age, marital status, T stage,
N stage, M stage, and POAT (Figure 2).
Then, the nomogram was validated in
both the training and validation groups.
As shown in Figure 3, time-dependent
ROC curves indicated that the discrimina-
tion of the nomogram for 3-year, 5-year,
and 8-year C-index was 0.705, 0.706, and
0.723, respectively, in the training group,
which was superior to those of AJCC stag-
ing (3-year: 0.613, 5-year: 0.597, 8-year:
0.563, P<0.001). In the validation group,
the 3-year, 5-year, and 8-year C-index was
0.736, 0.713, and 0.681, respectively, which
was also significantly higher than those of
AJCC staging (3-year: 0.624, 5-year: 0.587,
8-year: 0.577, P<0.001). The calibration
plot showed good agreement with the pre-
dicted and actual probabilities in both
groups (Figure 4).

Prognostic risk stratification

We conducted prognostic risk stratification
for CSS according to the total points calcu-
lated using the nomogram. Patients were
divided into low-risk, intermediate-risk,
and high-risk groups according to tertiles
in the training cohort. As is shown in
Figure 5, the 5-year CSS for high-risk
patients was 27.6% and 24.7% in the train-
ing and validation groups, respectively;
these were significantly lower than those
of the intermediate-risk (55.4% and
50.7%, P <0.001) and low-risk (67% and
70.8%, P<0.001) groups, respectively.
The Kaplan—Meier curves demonstrated
that AJCC stage could be used to stratify
patients between stage IV and stage I-1II;
however, use of the AJCC stage was unsat-
isfactory in stratifying patients among stage
I-III. Decision curve analysis showed that
the net benefits of the nomogram were
greater than those of AJCC staging, sug-
gesting that the established nomogram
had better risk stratification than using
the conventional AJCC stage (Figure 6).

Discussion

HSCC is a rare type of cancer, accounting
for less than 5% of all neck and head can-
cers."? Considering the rarity and special
anatomy of HSCC, treatment strategies
for HSCC have long been a challenge.
With the concept of laryngeal preservation,
use of non-surgical methods has become a
trend in treatment of this disease.’
However, recent evidence confirms that
patients who undergo primary surgery
have better survival outcomes than those
treated with non-surgical strategies, which
indicates that surgery remains the primary
option for this disease.'>'® Because of the
rich lymphatic network in the neck and the
submucosal invasive behavior of tumor
cells, the recurrence rates for patients with
HSCC who are treated with surgery are
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Table |. Baseline characteristics of patients in the training and validation groups.

Overall Training group Validation group
Variable (N=1144) (N =688) (N =456) P-value
Age, years 64.81 +10.31 6491+ 10.16 64.65+10.53 0.468
Year of diagnosis
2004-2009 543 (47.5) 325 (47.2) 218 (47.8) 0.856
20102015 601 (52.5) 363 (52.8) 238 (52.2)
Sex
Male 914 (79.9) 564 (82) 350 (76.8) 0.053
Female 230 (20.1) 124 (18) 106 (23.2)
Ethnicity
White 930 (81.3) 545 (79.2) 385 (84.4) 0.138
Black 137 (12) 97 (14.1) 40 (8.8)
Other 77 (6.7) 46 (6.7) 31 (6.8)
Marital status
Unmarried 487 (42.6) 285 (41.4) 202 (44.3) 0.543
Married 603 (52.7) 368 (53.5) 235 (51.5)
Unknown 54 (4.7) 35 (5.1) 19 (4.2)
Primary site
Pyriform sinus 904 (79) 536 (77.9) 368 (80.7) 0.267
Other 240 (21) 152 (22.1) 88 (19.3)
Grade
Well differentiated (G1) 59 (5.2) 35 (5.1) 24 (5.1) 0.362
Moderately differentiated (G2) 522 (45.6) 307 (44.6) 215 (47.1)
Poorly differentiated (G3) 450 (39.3) 273 (39.7) 177 (38.8)
Undifferentiated (G4) 12 (1) 5(0.7) 7 (1.5)
Unknown 101 (8.8) 68 (9.9) 33 (7.2)
Tumor size, mm 34.09+ 16.73 34.38+ 16.19 33.64+17.51 0.679
Surgical type
Local tumor resection 468 (40.9) 281 (40.8) 187 (41) 0.8I10
Pharyngectomy 167 (14.6) 97 (14.1) 70 (15.4)
Pharyngectomy with laryngectomy 509 (44.5) 310 (45.1) 199 (43.6)
Number of lymph nodes removed
Without lymphadenectomy 449 (39.2) 251 (36.5) 198 (43.4) 0.100
Biopsy only 27 (2.4) 16 (2.3) I (2.4)
-3 regional nodes 45 (3.9) 26 (3.8) 19 4.2)
4 or more regional nodes 623 (54.5) 395 (57.4) 228 (50)
POAT
None 383 (33.5) 215 (31.3) 168 (36.8) 0.206
CT 37 (3.2) 22 (3.2) 15 (3.3)
RT 265 (23.2) 170 (24.7) 95 (20.8)
CRT 459 (40.1) 281 (40.8) 178 (39)
T stage
Tl 173 (15.1) 90 (13.1) 83 (18.2) 0.195
T2 318 (27.8) 196 (28.5) 122 (26.8
T3 160 (14) 95 (13.8) 65 (14.3)
T4 402 (35.1) 251 (36.5) I51 (33.1)
Tx 91 (8) 56 (8.1) 35(7.7)

(continued)
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Table 1. Continued.
Overall Training group Validation group
Variable (N=1144) (N=688) (N =456) P-value
N stage
NO 494 (43.2) 284 (41.3) 210 (46.1) 0.401
NI 188 (16.4) 116 (16.9) 72 (15.8)
N2 419 (36.6) 263 (38.2) 156 (34.2)
N3 30 (2.6) 19 (2.8) I (24)
Nx 13 (1.1) 6 (0.9) 7 (1.5)
M stage
MO 1097 (95.9) 659 (95.8) 438 (96.1) 0.345
Ml 32 (2.8) 22 (3.2) 10 (2.2)
Mx 15 (1.3) 7(1) 8 (1.8)
AJCC stage
| 112 (9.8) 60 (8.7) 52 (11.4) 0.546
Il 147 (12.8) 87 (12.6) 60 (13.2)
11l 150 (13.1) 89 (12.9) 61 (13.4)
v 661 (57.8) 409 (59.4) 252 (55.3)
Unknown 74 (6.5) 43 (6.3) 31 (6.8)

POAT, postoperative adjuvant therapy; CT, chemotherapy; RT, radiotherapy; CRT, chemoradiotherapy; AJCC, American

Joint Committee on Cancer.

relatively high.’ Thus, POAT including RT,
chemotherapy, and immunotherapy could
also be useful to eliminate residual cancer
cells and reduce disease recurrence.®
However, POAT can also cause severe
damage to normal cells and tissue. Thus,
it is essential for clinicians to perform accu-
rate risk stratification for patients with
HSCC to guide POAT.

AJCC stage is a widely used risk stratifi-
cation system in clinical practice. However,
recent evidence suggests that the current
AJCC stage classification has many limita-
tions in terms of accurately revealing
patients’ risk.” >'"" First, AJCC staging
does not include factors like age, ethnicity,
marital status, and preoperative blood
parameters, which have been associated
with prognosis in previous studies.””
Second, some pathologic characteristics
like histologic features, tumor size,
number of positive lymph nodes, and posi-
tive lymph node ratio are also associated
with prognosis but cannot be completely

revealed using conventional AJCC stag-
ing.!”'” Thus, a more comprehensive
model is urgently needed for risk stratifica-
tion in patients with HSCC.

Regarding prognostic models of HSCC,
Arends et al.?® retrospectively analyzed
patients from a single center and developed
a nomogram incorporating TNM classifica-
tion, Adult Comorbidity Evaluation-27
score, body mass index, hemoglobin, and
albumin. However, the discrimination of
the model was unsatisfactory (C-index:
0.620) and it was therefore not superior to
conventional AJCC staging. Tang et al.®
and Lin et al.’established nomograms to
predict CSS using the SEER database.
Both nomograms included similar factors
like age, ethnicity, TNM stage, and treat-
ment strategies. However, these models
were mainly developed using data of
patients treated with non-surgical methods
and thus lack pathological information like
tumor size and extension, lymph nodes
status, and tumor grade. Therefore, these



8 Journal of International Medical Research

Table 2. Univariate and multivariate Cox proportional regression for risk factors in predicting cancer--
specific survival.

Univariate analysis Multivariate analysis

Variable HR 95% ClI P-value HR 95% ClI P-value
Sex

Male Ref

Female 1.147 0.875-1.503 0.322

Age, years 1.014 1.003-1.025 0.015 1.021 1.009-1.032 0.001
Ethnicity

White Ref

Black 1.178 0.871-1.595 0.288

Other 1.299 0.847—-1.991 0.231
Marital status

Unmarried Ref Ref

Married 0.767 0.616-0.955 0.018 0.791 0.631-0.991 0.041

Unknown 0.664 0.384-1.148 0.143 0.552 0.317-0.962 0.036
Primary site

Pyriform sinus Ref

Other 0.974 0.750-1.264 0.842
Grade

Gl Ref

G2 0.928 0.570-1.513 0.766

G3 0.977 0.598-1.596 0.925

G4 0.968 0.285-3.288 0.958

Unknown 0.537 0.288-1.001 0.051

Tumor size, mm 1.015 1.009-1.021 <0.001 NA NA 0.087
Surgical type

Local tumor resection Ref Ref

Pharyngectomy 1.210 0.871-1.681 0.256 NA NA 0.192

Pharyngectomy with 1.338 1.058-1.692 0.015 NA NA 0.079

laryngectomy

Number of lymph nodes removed
Without lymphadenectomy Ref

Biopsy only 0.636 0.260-1.555 0.321
| ~3 regional nodes 0817 0.429-1.556 0.538
4 or regional nodes 0.980 0.783-1.227 0.862
POAT
None Ref
CT 1.596  0.942-2.703 0.082 0.737  0.415-1.308 0.297
RT 0.801 0.600-0.995 0.045 0.594  0.434-0.814 0.001
CRT 0.891 0.690-1.049 0.076 0514  0.377-0.700 <0.001
T stage
Tl Ref Ref
T2 1400  0.902-2.174 0.134 1.361 0.873-2.122 0.174
T3 2.105 1.311-3.379 0.002 2.140 1.311-3.493 0.002
T4 2.982 1.982—4.488 <0.001 3.005 1.963—4.601 <0.001
Tx 1.788 1.054-3.034 0.031 1.920 1.122-3.285 0.017

(continued)
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Table 2. Continued.
Univariate analysis Multivariate analysis
Variable HR 95% Cl P-value HR 95% Cl P-value
N stage
NO Ref Ref
NI 1.028  0.740-1.429 0.868 1.148  0.806—1.635 0.444
N2 1.514 1.192-1.924 0.001 1.732 1.286-2.333 <0.001
N3 1.834 1.035-3.251 0.038 2270 1.220-4.226 0.010
Nx 0.256  0.036-1.883 0.175  0.157  0.019-1.320 0.088
M stage
MO Ref Ref
M 2.476 1.516-4.042 <0.001 2.345 1.381-3.981 0.002
Mx 0.888  0.285-2.769 0.838 2209  0.643-7.584 0.208

AJCC stage*
|
Il
[}
v
Unknown

Ref

1.213 0.679-2.169 0514
1.119 0.613-2.040 0.715
2.600 1.610—4.199 <0.001
1.719 0.921-3.205 0.089

* To avoid collinearity, AJCC stage was not included in the multivariate model.

HR, hazard ratio; Cl, confidence interval; POAT, postoperative adjuvant therapy; CT, chemotherapy; RT, radiotherapy;
CRT, chemoradiotherapy; AJCC, American Joint Committee on Cancer.

Points

Age

Marital status

T.stage

N.stage

M.stage

POAT

Total Points

3-year CSS Probability
S-year CSS Probability

8-year CSS Probability

Figure 2. Nomogram to predict cancer-specific survival with six independent prognostic factors.
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CSS, cancer-specific survival; POAT, postoperative adjuvant therapy; CRT, chemoradiotherapy; CT, chemo-

therapy; RT, radiotherapy.
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Figure 3. Time-dependent ROC curves and AUCs were used to assess prognostic accuracy of the
nomogram compared with conventional AJCC staging at different timepoints.
(a—c) 3-year, 5-year, and 8-year accuracy in the training group, respectively. (d—f) 3-year, 5-year, and 8-year

accuracy in the validation group, respectively.

AJCC, American Joint Committee on Cancer; ROC, receiver operating characteristic; AUC, area under the

ROC curve.

models cannot accurately reflect the prog-
nosis for patients treated with surgery.
Heng et al.?' retrospectively analyzed 385
patients with HSCC treated with surgery
and developed a nomogram based on
tumor size, esophageal invasion, extracap-
sular spread or internal jugular vein adhe-
sion, thyroid gland invasion, and number of
lymph node metastases (<3 or >3).
However, that study was conducted at a
single center in a Chinese population only.
Additionally, the model was not externally
validated, which may limit its application.
Therefore, we developed and validated a
nomogram to predict CSS using the SEER
database. Notably, we found that age, mar-
ital status, T stage, N stage, M stage, and
POAT were independent risk factors that
could predict CSS in patients with HSCC.

Older age and unmarried status have been
reported as adverse prognostic factors.”%*?
In our study, we incorporated the above
five factors into the nomogram, which was
found to be superior to conventional AJCC
stage. Therefore, the nomogram is not only
user friendly (includes only six factors that
are casily accessible), it can help clinicians
to perform better risk stratification.

Our study has several limitations. First,
the SEER database lacked information on
patients’ comorbidities, blood parameters,
and complications, which could affect the
prognosis of patients with HSCC.” '
Other factors, including the use of tobacco
and alcohol, are also closely related to
prognosis in head and neck cancers, and
data for these factors were lacking in the
SEER database.”**** Second, the predictive
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Figure 5. Kaplan—Meier survival curves in the training group (a: nomogram, b: AJCC stage) and validation
group (c: nomogram; d: AJCC stage).
AJCC, American Joint Committee on Cancer.
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Figure 6. Decision curve analysis indicating net benefit for use of the nomogram and AJCC stage in
predicting cancer-specific survival at 36 months, 60 months, and 96 months in the (a) training and (b)

validation groups.
AJCC, American Joint Committee on Cancer.

accuracy of the nomogram was moderate
(C-index: 0.705-0.723 in the training
group and 0.681-0.736 in the validation
group), which suggests that many potential
risk factors have not been included.
Recently, studies have shown that gene pat-
terns, PD-L1, and the immune microenvi-
ronment can also reflect the prognosis of
HSCC.>>?” Thus, a multi-omics model
should be developed in the future to
improve the predictive accuracy of progno-
sis in these patients. Third, the present
nomogram was developed based on a retro-
spective population-based analysis, which
was not externally validated. Owing to
small size of these patient populations,
future studies are needed to externally val-
idate the proposed nomogram in a multi-
center prospective cohort.

Conclusion

We found that older age, unmarried status,
advanced T stage, N stage, M stage, and
not receiving POAT were independently
associated with shorter CSS in patients
with HSCC. We established a nomogram
using these six factors, which was superior
to AJCC staging. The established nomo-
gram may offer better risk stratification
for patients with HSCC who are treated
with primary surgery.
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